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Abstract
Background: The aim of our study is to describe a fast molecular method, able to distinguish and
quantize the two different genotypes (652 and JP2) of an important periodontal pathogen:
Actinobacillus actinomycetemcomitans. The two genotypes show differences in the expression of an
important pathogenic factor: the leukotoxin (ltx). In order to evidence this, we performed a real
time PCR procedure on the ltx operon, able to recognize Aa  clinical isolates with different
leukotoxic potentials.
Methods: The specificity of the method was confirmed in subgingival plaque and saliva specimens
collected from eighty-one Italian (Sardinian) subjects with a mean age of 43.9, fifty five (68 %) of
whom had various clinical forms of periodontal disease.
Results: This procedure showed a good sensitivity and a high linear dynamic range of quantization
(107-102 cells/ml) for all genotypes and a good correlation factor (R2 = 0.97–0.98). Compared with
traditional cultural methods, thi s  r e a l  t i m e  P C R  p r o c e d u r e  i s  m o r e  s e n s i t i v e ;  i n  f a c t  i n  t w o
subgingival plaque and two positive saliva specimens Aa was only detected with the molecular
method.
Conclusion: A low number of Sardinian patients was found positive for Aa infections in the oral
cavity, (just 10 positive periodontal cases out of 81 and two of these were also saliva positive). The
highly leukotoxic JP2 strain was the most representative (60 % of the positive specimens); the
samples from periodontal pockets and from saliva showed some ltx genotype for the same patient.
Our experience suggests that this approach is suitable for a rapid and complete laboratory
diagnosis for Aa infection.
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Background
Actinobacillus actinomycetemcomitans (Aa) is a gram-nega-
tive, facultative anaerobe, implicated in numerous human
diseases such as periodontitis, endocarditis, meningitis
and osteomyelitis. [1-4]. The primary ecological niches of
this bacteria, which causes localized aggressive periodon-
titis, are dental plaque and periodontal pockets and its
presence mainly occurs in chronic adult periodontitis [5-
7].Aa has been studied because it produces a powerful leu-
kotoxin (ltx) able to kill human leukocytes [8-13]. Most of
the  Aa  strains isolated from non-diseased periodontal
sites produce low levels of leukotoxin, while aggressive
forms of Aa -associated periodontitis show highly leuko-
toxic microrganism clones [8,46]. The leukotoxin is
expressed by an operon consisting of four genes (ltx C, ltx
A, ltx B, ltx D); ltx A is the functional toxin while the three
remaining genes are required for activating and transport-
ing the leukotoxin [12,14]. Different transcription levels
of ltx can depend on a specific 530-bp sequence in the ltx
promoter region, which leads to both lower expression
and toxicity (strain 652). When this region is deleted (this
occurs in strain JP2) there is a faster ltx production which
leads to a better protein transcription than in strain 652:
this seems to be responsible for the periodontal destruc-
tion [15-18].
Standard culture methods used for Aa detection in clinical
samples have some disadvantages such as the need for a
required nutritionally complex media for growth and sev-
eral days of incubation [19,20]. Molecular assays for Aa
detection are based on DNA-probes, PCR and real time
PCR methods; they are faster and more sensitive than cul-
tural systems, although they do not allow a simultaneous
detection and quantization of the different genotypes [21-
34]. To overcome these outbreaks we used a real time PCR
method for the differentiation and quantization of Aa
652/JP2 strains, based on the different length of PCR
products in the two genotypes; this method is based on
the principle that, by using SYBR Green I, the melting tem-
perature (Tm) of the PCR product gives information about
the sequence length and also allows different genotype
amplicons to be identified and quantified.
Methods
Clinical specimens
Subgingival plaque and saliva samples were collected
from 81 male and female subjects, aged from 7 to 81,
recruited from the Department of Dental Disease Preven-
tion (University of Cagliari), who had given informed
consent to take part in the microbiological analysis. The
patient's conditions were: non-diseased (n = 26.32%),
with gingivitis (n = 31, 38.3%), with chronic periodontitis
(n = 17.21%) and with aggressive periodontitis (n = 7,
8.7%) [35]. Each patient's health status and background
were recorded: age, sex, probing pocket depth, clinical
attachment level, bleeding on probing (measured in six
sites on all teeth present in the mouth). None of the
patients who took part in the experiments was under anti-
biotic therapy during the previous 6 months. At first, 400
μl of saliva was collected from each patient and placed
into a sterile tube, afterwards the subgingival plaque sam-
ples were obtained (one site per patient) from the deepest
periodontal sites in all subjects. The sample area was iso-
lated using sterile cotton rolls and air-dried to avoid saliva
contamination; supragingival plaque was removed by
using a sterile curette. A sterile paper point ISO 45 (Roeko
Dental, Langenau, Germany) was inserted into the pocket
and held in place for 30 seconds [36]. The paper point was
then removed and placed into a vial containing 800 μl of
sterile saline solution, NaCl 0.9%, with 15 glass beads
(about 100 mg Bio-Spec Products, Bartesville, USA). After
vigorous vortexing, 200 μl of the suspension was immedi-
ately used for culture analysis, while the remaining sus-
pension (600 ul) was stored at -20°C and 400 ul of this
were used for DNA extraction.
Positive control strains
a) Aa strains
The Aa strains used were: (i) CCUG 37005 (Culture Col-
lection, University of Göteborg, Sweden, genotype 652)
and (ii) clinical isolate, strain GO1 (genotype JP2). The
two strains were maintained at -80°C in vials containing
Schaedler Broth with 15% glycerol and cultured in
Columbia agar blood (Microbiol, UTA, Cagliari, Italy) at
37°C with 5% CO2 in jar (Biomérieux Marcy l'Etoile,
France). After 1 week of incubation, colonies of each gen-
otype were suspended in a sterile saline solution (NaCl
0.9%) to obtain a concentration of 1 McFarland scale
3*108 cells/ml (counted with the McFarland method)
these suspensions were used as follows:
1. to assess specificity: we prepared different suspensions
in 400 μl of sterile saliva (obtained by filtration with a 0.5
μm filter, Millipore Molseim, France), (i) containing 106
CELLS/ml of each genotype and (ii) tubes with different
proportional mixtures of the two genotypes, 1/2, 1/4, 1/8,
1/10 652/JP2 or vice versa)
2. to assess sensitivity: we prepared 10 fold serial dilutions
of each genotype in sterile saliva, ranging from 107 -101
cells/ml.
The exact bacterial concentration of these standards was
obtained by colony forming unit (CFU) plate counted in
Columbia agar blood (Microbiol, Uta, Cagliari, Italy.
These suspensions served as a standard for measuring the
method sensitivity and for the quantification curve after
DNA extraction.BMC Infectious Diseases 2006, 6:98 http://www.biomedcentral.com/1471-2334/6/98
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b) Other periodontal bacteria used as positive control
To assess the role of other periodontal pathogens in these
samples, a traditional PCR was used with subsequent pos-
itive controls: Porphyromonas gingivalis CCUG 25893,
Prevotella intermedia CCUG 24041, (Culture Collection,
University of Göteborg, Sweden), Tannerella forsythensis
cip 105220 (Institut Pasteur, Paris, France) Treponema den-
ticola DSMZ 14222-Deutsche Sammlung von Mikroorganis-
men, Braunschweig, Germany. These strains (except
T.denticola) were cultured on Shaedler Anaerobe Agar
plates (Microbiol, Uta, Cagliari, Italy), incubated in an
anaerobic jar for 7 days at 37°C. 1 ml of these bacterial
suspensions was used for DNA extraction.
DNA extraction
Genomic DNA from positive controls and clinical sam-
ples was obtained by the CTAB modified method. 400 μl
of sample were added to 70 μl of 10% sodium dodecyl
sulphate (SDS) and 5 μl of proteinase K at 10 mg/ml con-
centration (SIGMA – Aldrich, ST. Louis, Missouri, USA);
after vigorous vortexing, this mixture was incubated for 10
minutes at 65°C. Next, 100 μl of NaCl [5 M] and 100 μl
of CTAB/NaCl (0.274 M CTAB, Hexadecyl trimetylammo-
nium bromide and 0.877 M NaCl, Sigma-Aldrich) were
added to the tube, which was vortexed briefly and incu-
bated at 65°C for 10 minutes. 750 μl of SEVAG (Chloro-
form: Isoamyl Alcohol 24:1, Sigma-Aldrich) were added
and the mixture was vortexed for 10 sec. After centrifuging
for 5 min (at 12000 rpm) 0.6 volumes of isopropanol
(Sigma-Aldrich) were added to the supernatant. After 30
min at -20°C and after being centrifuged for 30 min at
12.000 rpm, the pellet was dried at room temperature for
20 min and suspended in 20 μl of molecular biology
grade distilled water (Gibco, Invitrogen Paisley, Scotland,
UK). 2 μl of this were used as DNA suspension for conven-
tional PCR and real time PCR reaction.
Primers design
Primers for real time PCR were designed using the pro-
moter region on the Leukotoxin operon sequences
extracted from the NCBI database GenBank with S68133
and M27399 accession numbers. Figure 1 shows primer
sequence and position and the real time PCR mechanism
with the two different (652/JP2) Aa genotypes. Possible
oligonucleotide dimer formation, self-complementarity
and the annealing temperatures of the real time PCR were
calculated using the Oligo program vers. 4 (MedProbe,
Oslo, Norway). The real time PCR primers (OG155 and
OG156) amplified a region of 696 bp in the 652 genotype
and 195 bp in the JP2 genotype (Figure 1). The theoretic
melting temperatures of the different PCR amplicons
(Tms) were calculated using module 1 of the DNA hybrid-
ization prediction algorithm program "HYTHER" [37,50]
with the following sets of parameters: (i) monovalent cat-
Structure of Real time PCR design for Actinobacillus actinomycetemcomitans 652, JP2 genotype detection Figure 1
Structure of Real time PCR design for Actinobacillus actinomycetemcomitans 652, JP2 genotype detection. Prim-
ers were designed to circumscribe a fragment of 530 bp present in 652 but deleted in the JP2 strain. The two different PCR 
products showed 6 °C difference in Tms after PCR real time melting curve analysis.
             
Name  Sequence 5’—3’  GenBank accession. n.  position  652  genotype    JP2  genotype 
       PCR fragment/ Tm±2° C PCR  fragment/  Tm±2° C 
OG155 CATTCTCGGCGAAAAAACTA S68133  346-365     
        696 bp/82° C  195 bp/76° C 
OG156 CCCATAACCAAGCCACATAC M27399  168-149     
JP2
glyA ltxC  
deleted 
fragment
             
glyA ltxC  
             
ltx promoter 
652 BMC Infectious Diseases 2006, 6:98 http://www.biomedcentral.com/1471-2334/6/98
Page 4 of 10
(page number not for citation purposes)
ion concentration at 0.05 mol/L, (ii) Mg2+ at 0.004 mol/L,
(iii) a concentration of PCR products (Top/Bottom
strands) at 10-7 mol/L and (iv) hybridisation temperature
at 37°C. The same procedures have been used to design
all the oligonucleotides used in traditional PCR (Table 1).
Real time PCR
Real time PCR was performed with a LightCycler instru-
ment and a LightCycler DNA Master SYBR Green I kit
(Roche Diagnostics Mannheim, Germany), according to
the manufacturer's instructions. The 20 μl final volume
contained 4 mM MgCl2, 1 μM of each primer (OG155-
OG156) and 2 μl of DNA extract. The PCR program was:
(i) denaturation at 95°C for 30 sec, (ii) 40 cycles of: 1 sec
at 95°C, 10 sec at 49°C, 40 sec at 72°C and 3 sec at
74.3°C. (iii) The melting curve was performed for 0 sec-
onds at 95°C, 45°C, 95°C. Transition rates were: 5°C/s in
72°C segment, 0.1°C/s in 45 °C segment and 20 °C/s for
other steps. Fluorescence was detected at the end of the
74.3°C segment in the PCR step (single mode), and at
45°C segment in the melting step (continuous mode) in
the F1 channel. During the initial optimization of the real
time reaction, products were analyzed using agarose gel to
ensure a correct sample product size. After real time PCR,
samples were recovered from capillaries by reverse centrif-
ugation into microcentrifuge tubes (Eppendorf 0.2 μl),
and mixed with blue loading buffer and finally 10 μl of
each sample were utilized in 1% agarose electrophoresis
gel (Invitrogen, Palsley, Scotland, UK) and stained with
ethidium bromide.
Differentiation between JP2 and 652 genotypes
By using two primers (OG155 and OG156) flanking an ltx
promoter region, we obtained two different length PCR
products: 696 bp for 652 and 195 bp for the JP2 genotype.
These amplicons showed two different Tms melting peaks
after the PCR real time reaction with SYBR green I dye. To
evaluate product specificity, ltx PCR amplicons were also
sequenced by a conventional automated sequencer as
described in literature by Ianelli et al.,1998, [38]. The
results were edited and analyzed with nucleotide-nucleo-
tide BLAST (blastn) [51] and compared with sequences
deposited in the DNA data bank.
Expression of the Aa concentration in dental plaque and 
saliva
Real time PCR standard curves were performed on differ-
ent DNA extracts, obtained by different Aa genotype sus-
pensions with a concentration range of 107-101 cells/ml.
The number of bacteria was calculated by the interpola-
tion of the clinical sample threshold cycle [39] with a
standard curve obtained for each genotype (Figure 4). Bac-
terial concentration in specimens was expressed in: i) Aa
cells/ml paper point suspension for subgingival plaque
and ii) Aa cells/ml saliva in saliva samples. We used the
following equation to calculate Aa concentration for the
paper point specimens.
a) [cells/ml paper point suspension].= ([Aa Rt cells]*2,5.
[Aa Rt cells]= Bacterial cells, calculated by PCR real time
standard curve interpolation.
Cultural method
For a sensitivity study, molecular methods were compared
with traditional culture analysis for all the clinical sam-
ples: 200 μl of saliva and paper point suspensions were
diluted 10 and 100 fold in Schaedler Broth (Microbiol,
Uta, Cagliari, Italy). 100 μl of each dilution were plated in
Columbia agar blood (Microbiol, Uta, Cagliari, Italy) and
incubated in a 15% CO2 atmosphere at 37°C in a jar using
the Genbox system (Biomérieux Marcy l'Etoile, France).
After 6 days of incubation the typical Aa colonies were
identified by a biochemical test using API 20A
Table 1: Primers used and strains detected by conventional PCR.
Name Target Strain Sequence 5'--------------3' GenBank 
Accession No
PCR product (bp)
OG 43 16S rRNA Actinobacillus 
actimycetemcomitans
CCAAGTGTGATTAGGTAGTT M75036 226
OG 44 16S rRNA Actinobacillus 
actimycetemcomitans
ACCAACCTTCCTCAATAC M75036
OG53 16S rRNA Prevotella intermedia CGTATCCAACCTTCCCTCC X73965 389
OG54 16S rRNA Prevotella intermedia ATTAGCCGGTCCTTATTCGAAG X73965
OG94 prtC Porphyromonas 
gingivalis
GAATCAAATACTTCAGCCGTCT AB006973 143
OG95 prtC Porpyromonas gingivalis TTGCAGTTCGTATCGGATCT AB006973
OG45 16S rRNA Tannerella forsythensis GTCGGACTAATACCTCATAAAACA L16495 222
OG46 16S rRNA Tannerella forsythensis TCGCCCATTGACCAATATT L16495
OG34
8
16S rRNA Treponema denticola AGAGAAAGGGTAATTTGAAG AF179264 399
OG34
9
16S rRNA Treponema denticola TATTATTGTCCCTTCTTTCTT AF179264BMC Infectious Diseases 2006, 6:98 http://www.biomedcentral.com/1471-2334/6/98
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(Biomérieux Marcy l'Etoile, France) according to the man-
ufacturer's instructions.
Conventional PCR
For the 81 analyzed samples we used traditional PCR able
to detect: (i) A. actinomycetemcomitans by different DNA
target (16S rRNA) and (ii) P. gingivalis, P. intermedia, T.
forsythensis, T. denticola. For all bacteria, the reaction was
performed in 25 μl reaction volumes using MegaMix
2MM-5 (Microzone Limited, West Sussex, UK) according
to the manufacturer's instructions. The primer and target
sequences used are shown in Table 1. The mixture con-
tained 7 pmol of each primer, 3.8 mM MgCl2 and 2 μl of
DNA suspension. The thermocycler profile was as follows:
an initial denaturation at 95° C for 5 min; 35 cycles con-
sisting of 50°C for 1 min, 68° C for 3 min and 40 sec and
95° C for 1 min. PCR products were analysed by electro-
phoresis on a 1.2 % agarose gel containing ethidium bro-
mide (0.5 mg/ml). With reconstruction experiments this
method showed a detection limit range of 10-50 cells/
PCR.
Results
Reconstruction experiments: specificity and sensitivity of 
the method
A reconstruction experiment confirmed the PCR real time
selectivity in the DNA extracts of three different suspen-
sions: (i) Aa 652, (ii) Aa JP2 and (iii) a mixture of the two
genotypes. Figures 2, 3 shows melting curves and the 1%
agarose gel electrophoresis results of PCR real time prod-
ucts. In our study, with reconstruction and with clinical
samples, we demonstrated melting temperatures of 76 ± 2
°C in the JP2 positive samples, and 82 ± 2 °C in the 652
positive samples; a double melting peak was obtained
with both genotype mixtures tested (Figure 3). The 6 °C
difference in Tms allows an easier differentiation of two
genotype profiles; no cross-reaction in Tms peaks was
detected with strains 652 and JP2, indicating the good
selectivity of the method. Only one size band for each
genotype was verified and confirmed in agarose gel elec-
trophoresis, respectively 696 bp for 652 and 192 bp for
the JP2 strain (Figure 2); this suggests a total absence of
non-specific products. Real-time PCR, as evaluated here,
has been shown to have a detection limit of 40 Aa 652 or
JP2 cells/PCR (100 cells/ml). The wide linear range (107-
102cells obtained for two genotypes) as illustrated in Fig-
ure .4, indicates the efficiency of this real time PCR. Stand-
ard curves showed a similar slope and a good correlation
regression coefficient R2 of 0.98–0.97 [40], (Figure 4). In
these experiments negative control contained DNA saliva
extracts recovered from a non-diseased patient with PCR/
negative culture for Aa, the total DNA amount of these
samples was about 50 μg/μl. C lanes/curves do not con-
tain aspecific products from previous interaction with
human or non-specific bacterial genomic DNA as shown
in Figures 2, 3. The DNA sequencing results of the PCR
amplicons were a perfect match, with Blast program anal-
ysis [51], for the 652 genotype (Gen Bank accession n.
S68133) or the JP2 genotype (Gen Bank accession n.
X16829).
Results with clinical samples
We analyzed plaque and saliva samples collected from 81
patients following the protocols just described. In com-
parison with the cultural procedure, real time resulted as
being a little more sensitive (1 saliva and 2 paper point
samples were positive only with molecular methods),
while real time and conventional PCR were in accordance.
All negative samples with the real time PCR procedure
also resulted negative with cultural and conventional PCR
methods too. Only one subject in the non-diseased group
(26 in total) resulted 652 Aa genotype-positive for the per-
iodontal pocket specimen, with 103 cells/ml bacteria in
the paper point suspension and negative in the saliva sam-
ple. Table 2 shows that 9 out of 55 diseased patients
(16.3%) were infected with Aa and the disease severity
was associated with a high bacteria title and/or leukotoxic
genotype presence. In accordance with scientific data, we
only identified the leukotoxic clone (JP2) in patients with
severe forms of periodontitis [41]. However, whenever a
similar degree of clinical infection was present, and only
the leukotoxic 652 genotype was identified, high bacteria
titles were present (about ≥ 104 cells/ml in the paper point
suspension). Two patients, with aggressive periodontitis,
showed bacteria in saliva samples too; one was found pos-
itive for the 652 strain and the other for JP2, the same gen-
otypes were detected respectively in periodontal pockets.
Subgingival distribution of different periodontal bacteria
Five periodontopathic bacteria: A. actinomycemcomitans P.
gingivalis, P. intermedia, T. forsytensis and T. denticola were
detected by a conventional PCR method from the subgin-
gival plaque of all 81 patients. No periodontopathogenic
bacterial DNA was observed in 39 of the samples (51%).
The percentage of PCR positive samples was: Aa 12.2%, Pg
14.8%, Pi 22%, Tf (the most representative bacteria in
these samples) 40.8% and Td 8.7 %. Six specimens result-
ing positive for Aa, (C2, C5, C6, C7, C75, C80) were asso-
ciated with at least another periodontal bacteria. The
principal pathogen was T. forsythensis present in 50% of
the Aa positive samples. Sample C80, isolated in a non-
diseased patient (2 mm subgingival pocket), contained all
4 tested pathogens (Table 2). In the PCR results four sam-
ples showed Aa DNA only (samples C1, C4, C8, C25) and
these results were in accordance with the PCR real time
and cultural result s(Table 2).
Discussion
Periodontitis is an inflammatory disease caused by differ-
ent species of anaerobic bacteria and is the most prevalentBMC Infectious Diseases 2006, 6:98 http://www.biomedcentral.com/1471-2334/6/98
Page 6 of 10
(page number not for citation purposes)
human disease; in addition a growing number of studies
indicate that severe chronic forms of this disease are not
only localized infections, but may also increase of the risk
of various systemic conditions such as cardiovascular dis-
ease [4,42].
The multi-factoriality of this infection is due to a complex
bacteria population with high dynamicity and adaptabil-
ity; consequently, treating periodontitis is difficult since
the elimination of this pathogenic bacteria, once estab-
lished in periodontal pockets, may not be possible, even
with repetitive treatments. Moreover costs related to
maintaining and replacing restoration work like fillings
and crowns and those of periodontal treatment are high
and similar problems occur with dental implants.
For these reasons in periodontal disease prevention, diag-
nostic methods able to evaluate the virulence factors of
periodontal bacteria are important, particularly in sub-
jects without clinical symptoms but infected with these
pathogens; for example patient C80 in our study.
81 patients (diseased and non diseased) showed a sub-
gingival distribution of periodontal bacteria in accord-
ance with published data [43]. In fact, at least 1 member
of the red complex bacteria (Pg, Tf, Td) 47.2% or orange
complex (Pi) 25.9% was found in the majority of diseased
patients; ten subjects (0.12%) contained A. actinomicetem-
comitans in the periodontal pocket and two of these also
in saliva [44].
Different studies have considered Aa as an important eti-
ological microorganism involved in aggressive periodon-
titis [16,35,41,45,46] and it has been shown that a high-
leukotoxin-producing strain of Aa is mainly found among
individuals with severe forms of periodontitis [14-16,41].
Different authors have recently described PCR real time
methods for Aa quantization [26,27,34,47,48], but with
current molecular methods it is not possible to obtain
simultaneous bacterial quantization and genotypization.
We have described a fast molecular procedure (2 hours)
with good sensitivity and specificity, able to quantify and
differentiate strains 652 and JP2 of Aa simultaneously. We
analyzed subgingival plaque and saliva samples collected
from subjects with different periodontal status and the
results showed that in comparison with recent biblio-
graphic data obtained in other geographical regions, the
same differences in Aa distribution were also evaluated in
Sardinian people [16,49]. In fact, within the non-diseased
patients (n= 26, 3.8%), only one individual resulted Aa
positive with all the three methods used; 24 chronic and
8 subjects with aggressive periodontitis (33%) showed the
bacteria in oral clinical samples. Genotype JP2 was the
Table 2: Real Time PCR results (title and genotype) in comparison with cultural and conventional PCR methods using saliva and 
subgingival plaque from 10 Sardinian subjects out of 81, positive for A. actinomycetemcomitans.
Patient Disease type Subgingival plaque Saliva
Aa Real time PCR 
[cells/ml paper 
point]
Culture for Aa Conventional PCR 
(for 4 periodontal 
pathogens)
Real time PCR Aa 
cells/ml
Aa Culture CFU/ml 
vs Conventional 
PCR (Aa 16S rRNA 
only)
C1 aggressive 
periodontitis
1,9*104 (652) posit Aa 3,0*102 (652) 1,5*101/pos
C2 aggressive 
periodontitis
4,0*103 (JP2) posit Aa, Pg 1,3*102 (JP2) neg/pos
C4 gingivitis 3,6*103 (652) posit Aa, Nd neg/neg
C5 chronic 
periodontitis
6,4*103 (JP2) posit Aa,Tf Nd neg/neg
C6 chronic 
periodontitis
1,9*103 (JP2) neg Aa,Tf Nd neg/neg
C7 aggressive 
periodontitis
2,8*104 (JP2) posit Aa,Pi,Tf Nd neg/neg
C8 aggressive 
periodontitis
4,4*104 (JP2) posit Aa, Nd neg/neg
C25 aggressive 
periodontitis
2,0*103 (JP2) posit Aa, Nd neg/neg
C75 aggressive 
periodontitis
3,0 *104 (652) posit Aa, Pg, Pi,Tf Nd neg/neg
C80 no disease 1,0*103 (652) neg Aa, Pg, Pi,Tf Nd neg/neg
Legend:
Aa = A. actinomycetemcomitans, Pg = P. gingivalis, Pi = P. intermedia, Tf = T. forsythensis.
Nd = non-detectable (<102 cells/ml)BMC Infectious Diseases 2006, 6:98 http://www.biomedcentral.com/1471-2334/6/98
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most represented in all periodontal patients whose age
was >29 mean = 47. None of the adolescent subjects
examined in this study (n= 5, age 10 to 15 years) showed
periodontal disease.
In comparison with the other periodontal pathogens
tested, 4 samples were positive only for Aa; this could
mean that in these samples disease severity may depend
on the number and genotype of this microorganism.
Real time PCR melting curve and agarose gel electrophoresis results obtained using a suspension containing a mixture of two  genotypes: Figure 3
Real time PCR melting curve and agarose gel electrophoresis results obtained using a suspension containing a 
mixture of two genotypes: a single curve is obtained with two distinct Tms' peaks which confirm good system selectivity. 
Melting peak at 73°C in negative control and the small band in the control samples "C" are primer dimer products.
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Real time PCR melting curve and agarose gel electrophoresis results obtained from saliva reconstruction samples containing  different Actinobacillus actinomycetemcomitans genotypes Figure 2
Real time PCR melting curve and agarose gel electrophoresis results obtained from saliva reconstruction sam-
ples containing different Actinobacillus actinomycetemcomitans genotypes. Curves 1–2: using a suspension containing 
the 652 or JP2 Aa genotype, the difference in Tms melting peaks was 6°C between the two clones. The presence of a single 696 
bp band for 652 and 192 bp for the JP2 strain in 1% agarose electrophoresis gel (Metaphor, BMA, Rockland ME USA) suggests 
a total absence of non-specific products, gel bands 1–2. Melting peak at 73°C in negative control and the small band in the con-
trol samples "C" are primer dimer products.
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However when other periodontal pathogens were present,
high numbers or high leukotoxic Aa  genotype were
mostly correlated with severe forms of periodontitis.
(chronic or aggressive). The presence of this strain in
saliva too, (two cases in these patients), has been
described by other authors [44]; Our results shows that
the same genotype is present in saliva and in periodontal
pockets, indicating a possible and continuous bacteria
replacement in saliva from an important reservoir which
is the periodontal district. Moreover, real time PCR quan-
tification of saliva could explain its role as a means of bac-
terial transmission in patients with a high infectious dose
of Aa.
Conclusion
Experimental results suggest the importance of obtaining
both bacterial titre and genotype identification to give the
correct microbiological diagnosis in periodontal infec-
tions. Further investigations and sample enlargements
could give us more answers about the correlation between
bacterial status in the oral cavity and disease severity and
progression. The presented method/approach is suitable
Quantitative standard curves Figure 4
Quantitative standard curves. Linear regressions obtained by real time PCR using a LightCycler instrument with SYBR 
Green I protocol of serially diluted suspensions for JP2 or 652 Actinobacillus actinomycetemcomitans genotypes (107-102 cells/ml). 
Threshold cycle (CT) value is directly related to the amount of PCR product and therefore related to the initial amount of tar-
get DNA present in the PCR reaction. CT (threshold cycle) represent the fractional PCR cycle number at which the fluores-
cence signal exceeds background fluorescence [40].
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for a rapid and complete laboratory diagnosis of Aa infec-
tion.
Abbreviations
Aa, Actinobacillus actinomycetemcomitans; Tm, melting tem-
perature; CTAB, Hexadecyl trimetylammonium bromide
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